Biguanides are a drug of choice for the treatment of type 2 diabetes mellitus. Although they can cause lactic acidosis in susceptible patients with predisposing risk factors, the incidence of lactic acidosis is reported to be very low when they are used properly. We herein present a case of biguanide-associated severe lactic acidosis complicated with thiamine deficiency that was provoked without predisposing factors for thiamine deficiency. Diabetic patients taking biguanide may be predisposed to thiamine deficiency, even when there is no evidence of risk factors, and the high-dose administration of thiamine may be essential in the treatment of this otherwise under-recognized disorder.
Introduction
Unless contraindicated, biguanides are recommended as a first-line therapy for the treatment of type 2 diabetes mellitus (1) . They exert their antihyperglycemic effects, in part, by decreasing hepatic gluconeogenesis from lactate and pyruvate, while they can increase lactate production through the inhibition of mitochondrial respiration and by promoting the conversion of glucose to lactate, which leads to lactic acidosis (2) . The contraindications for the use of biguanides include severe renal or hepatic insufficiency, extreme old age, and serious acute illnesses involving circulatory dysfunction, because they are associated with a high risk of lactic acidosis (2) . However, the incidence of biguanideassociated lactic acidosis has been reported to be very low when biguanides are properly used (3) . Thiamine deficiency is important in the differential diagnosis of lactic acidosis, and has been recognized as a distinct clinical entity from biguanide-associated lactic acidosis (4) . We herein present the case of a patient with biguanide-associated severe lactic acidosis who showed a dramatic improvement after the high-dose administration of thiamine. When diabetic patients taking biguanide present with lactic acidosis, thiamine deficiency should be suspected as a comorbidity and high-dose thiamine should be administered without delay as a diagnostic treatment.
ide (660 mg/day). Following the stroke event she had lived in a geriatric facility and had consumed a regular diet. She had remained in her usual state of health, and had not shown any significant weight changes, reduced dietary intake or specific gastrointestinal symptoms. She did not drink alcohol and her kidney and liver functions had been normal. Three hours before her presentation, she complained of dyspnea at rest and was transferred to another hospital, where she arrived with severe hypotension (blood pressure 70/36 mmHg, pulse 135 beats/min) with profound lactic acidosis (pH 7.108, base excess -24.6 mmol/L, lactate 18 mmol/L). On presentation to our department, a physical examination revealed the following, blood pressure, 60/45 mmHg; pulse, 158 beats/min; respiratory rate, 30 breaths/ min; body temperature, 34.8°C, and oxygen saturation, 98% with 5 L/min oxygen delivered through a face mask. Her height, weight and body mass index were 145 cm, 55.2 kg, and 26.3 kg/m 2 , respectively. Although she presented with a decreased level of consciousness (Glasgow Coma Scale score of E2V4M4), she did not show specific symptoms of polyneuropathy or Wernicke's encephalopathy. She required immediate mechanical ventilation under endotracheal intubation due to the worsening of her mental state and hemodynamic instability. Echocardiography revealed biventricular systolic dysfunction with a left ventricular ejection fraction that was as low as 30%. Acute coronary syndrome and myocarditis were excluded because emergency coronary angiography revealed no significantly diseased vessels and an endomyocardial biopsy specimen from the right ventricle revealed no evidence of inflammatory infiltration. The patient's hemodynamic parameters were as follows: mean pulmonary capillary wedge pressure, 18 mmHg; pulmonary artery pressure, 36/25 mmHg (mean, 26 mmHg); right atrial pressure, 30/24 mmHg; cardiac output, 3.0 L/min; cardiac index, 2.0 L/min/m 2 ; systemic vascular resistance, 1,047 dyn ·sec/cm 5 ; and pulmonary vascular resistance, 215 dyn·sec/cm 5 . Based on her medical history of buformin therapy and the preliminary clinical data, our initial diagnosis was severe lactic acidosis resulting from the toxic effects of buformin and cardiogenic shock due to cardiomyopathy of unknown etiology. We initiated the conventional treatment for biguanide-associated lactic acidosis with continuous renal replacement therapy and the continuous infusion of 8.4% sodium bicarbonate. Because echocardiography and cardiac catheterization examinations showed marked biventricular systolic dysfunction and a low cardiac output with relatively low systemic vascular resistance, we initiated multiple inotropic and vasopressor support, including dobutamine (10 μg/kg/min), dopamine (3 μg/kg/min), noradrenaline (0.3 μg/ kg/min), and further added vasopressin (2 units/h), hydrocortisone (200 mg/day) and an intra-aortic balloon pump in order to maintain a mean atrial pressure of at least 65 mmHg. Although her hypotension and acidemia gradually improved, the profound hyperlactatemia persisted without any significant improvement (Figure) . On the second morning (17 hours after her arrival), because we had not obtained definite evidence of anaerobic metabolic disorders that would have caused persistent severe hyperlactatemia or a good clinical response to the conventional therapies for biguanide toxicity, we suspected thiamine deficiency as an alternative cause of her persistent severe lactic acidosis and administered high-dose fursultiamine (100 mg), a thiamine derivative, intravenously. The response to the thiamine replacement therapy was drastic; the patient's blood pressure rapidly increased, the reduced left ventricular ejection fraction was gradually restored to the normal range, the hyperlactatemia fully recovered within 24 hours, and all of the hemodynamic and renal support could be tapered off within a few days (Figure) . We continued to administer fursultiamine (300 mg/day, parenterally) for five days, after which we switched to oral supplementation. On day 9, she was successfully extubated, and had recovered to her premorbid state; her cardiac functions normalized as well. The serum concentration of vitamin B1, which was analyzed from a blood sample that had been obtained just before the first administration of fursultiamine, was 23 ng/mL (reference range: 26-58 ng/mL) (Table) . The final diagnosis was thiamine deficiency syndrome due to the toxic effects of buformin.
Discussion
The present case highlighted two important clinical issues. Diabetic patients taking biguanide are predisposed to thiamine deficiency, even if they have no disease-related factors that might provoke thiamine deficiency, and the intravenous infusion of high-dose thiamine may be essential for the treatment of this disorder. To the best of our knowledge, this is the first case report to demonstrate biguanide-associated lactic acidosis complicated with thiamine deficiency in a diabetic patient without predisposing risk factors for thiamine deficiency.
First, diabetic patients taking biguanide may be at risk of developing thiamine deficiency syndrome. Although our patient was in the old-old age range, she had no predisposing factors for biguanide-associated lactic acidosis (these include chronic renal insufficiency, congestive heart failure, alcohol abuse and overdose) (2) . That biguanides can cause lactic acidosis, especially in very elderly patients with advanced chronic kidney disease is well known in clinical practice (5). However, the need for caution with regard to thiamine deficiency when diabetic patients without predisposing factors for thiamine deficiency take biguanide has never been emphasized. Given that biguanides have been widely used as a leading anti-hyperglycemic agent in the current era (1), this caution provides important clinical implications. Although it is inconclusive, the lactic acidosis in our patient may be attributable to thiamine deficiency, the toxic effects of biguanide or both. In Japan, buformin is contraindicated for patients who are ! 75 years of age due to the increased risk of lactic acidosis. This raises the possibility that the off-label use of buformin, at least in part, contributed to the develop- ment of lactic acidosis through the toxic effects of biguanide in our patient. However, the drastic response to the administration of thiamine suggests that the thiamine deficiency could have been involved in the pathophysiology of severe lactic acidosis. The further accumulation of cases is needed to elucidate whether biguanides can directly cause thiamine deficiency in diabetic patients without predisposing factors for this condition.
Second, the intravenous infusion of high-dose thiamine is useful for the treatment and shows a high diagnostic value in the management of patients with this disorder. The patient's hyperlactatemia, which was refractory to the conventional treatment for lactic acidosis, including renal replacement therapy, promptly responded to administration of thiamine. Cardiac beriberi is a fulminant form of thiamine deficiency syndrome that is associated with ventricular systolic dysfunction and marked vasodilatation, which leads to hemodynamic collapse (6) . In rare cases, this cardiac dysfunction manifests as low cardiac output, such as was observed in our patient. However, the treatment is the same: high-dose thiamine (7, 8) . In most cases, thiamine deficiency occurs in patients with preexisting comorbidities and metabolic stresses (9) such as alcohol abuse (7, 10) , dialysis, infection (11), the long-term use of diuretics and malnutrition (12) . These predisposing factors for thiamine deficiency serve as an important diagnostic clue in the clinical setting and -in all cases -suspected thiamine deficiency can be immediately treated with high-dose thiamine without any significant adverse effects. The level of vitamin B1 in patients with thiamine deficiency is not necessarily extremely low. In the present case, the patient's serum concentration of vitamin B1 was only marginally lower than the normal range, which is consistent with previous reports of thiamine deficiency syndrome (7, 10, 11) . However, because our patient did not present any predisposing factors for thiamine deficiency, we initially considered that her lactic acidosis was attributable to the toxic effects of buformin rather than thiamine deficiency. This resulted in a one-day delay in the ad- ministration of thiamine. The role of thiamine in critically ill patients has attracted much attention as a 'metabolic resuscitator'. This was well exemplified in a randomized trial of high-dose thiamine for patients with septic shock and hyperlactatemia, which showed that thiamine treatment may be beneficial in a subgroup of patients with baseline thiamine deficiency (13) . Notably, more than one third of the study cohort exhibited absolute thiamine deficiency at baseline (13) . In addition, the current guidelines on parenteral nutrition recommend that 100-300 mg/day of thiamine be supplemented intravenously during the initial 3 days of treatment in critically ill patients with possible thiamine deficiency (14) . Thiamine supplementation is a safe, easily available and well-tolerated therapy with few adverse effects other than anaphylaxis (11) . We suggest two possible mechanisms by which buformin could have played a role in the development of thiamine deficiency in our patient. First, biguanides may have an immediate anti-thiamine effect (15) . This notion is based on data from animal studies, which have shown that phenformin induces hyperlactatemia through the inhibitory effects on thiamin activity (15) . Second, biguanides may interfere with thiamine absorption. More recently, it has been reported that when administered at their therapeutic doses, metformin and phenformin inhibit hTHTR-2, a human thiamine transporter, suggesting that biguanides may cause clinically relevant thiamine deficiency by reducing the absorption of thiamine (16) . Moreover, it has been reported that diabetic patients frequently show decreased plasma concentrations of thiamine due to the enhanced urinary excretion of thiamine (17) . It is well-documented that metformin causes vitamin B12 deficiency over several years (18) (19) (20) . The precise mechanisms by which biguanides interfere with thiamine to cause lactic acidosis warrant further examination.
Thiamine deficiency remains an under-recognized condition and a diagnostic pitfall with major clinical implications (21) . The course of our patient provided two important clinical suggestions; diabetic patients taking biguanide are predisposed to thiamine deficiency, even if they have no factors to provoke the deficiency, and that the rapid administration of high-dose thiamine is essential for the treatment and diagnosis of this disorder, which is otherwise prone to be medical oversight. In conclusion, critical care clinicians should consider the possibility of thiamine deficiency in patients with biguanide-associated lactic acidosis, and administer high-dose thiamine without delay as a diagnostic treatment.
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